et al., 1983a), sialyltransferase (Corfield et al., 19836) ; sialidase (Corfield et al., 1982) ; and sialic acid pyruvate lyase (Corfield et al., 1976) .
Male Sprague-Dawley rats ( n = 18) were divided into two groups, one group receiving a subcutaneous injection of azoxymethane (1 5 mg/kg body wt.) once a week for 6 weeks, and the second group serving as a control. Rats were killed 30 weeks after the first injection. The entire colon was removed immediately after death, flushed out with phosphate-buffered saline, pH 7.0 at room temperature, incubated in the same buffer containing penicillin ( 100 unitdml), streptomycin (100pglml) and dithiothreitol ( 1 mM) for 20min at room temperature, the buffer changed and the incubation repeated. Mucosal cells were suspended by incubation in the same buffer/antibiotic mixture containing 0.75rn~-EDTA in place of dithiothreitol for two periods of 90min at 37OC with gentle manipulation of the tissue. The cell suspensions obtained from both incubations were pooled and collected by centrifugation, washed twice in the buffer and homogenized in 0 . 1 5~-N a C I (0.9ml/g wet wt. of colon). Tumour tissue was washed in the buffer/antibiotic mixture and homogenized in 0.15M-NaCI (5ml/g wet wt. of tissue). The homogenates were centrifuged at IOOOOOg for 60min and the pellets resuspended in 0 . 1 5~-N a C ! to a concentration of 15-20mg of protein/ml. The supernatant contained 8-9mg of protein/ml (tumour) or approx. 1 mg of protein/ml (cell preparations).
The results shown in Table 1 reveal a major alteration in sialic acid metabolism in azoxymethane-induced tumour tissue. Significant differences to normal rat cells were found at the stages of N-acetylmannosamine formation (UDP-Nacetylglucosamine 2'-epimerase) phosphorylation (Nacetylglucosamine kinase), the formation and hydrolysis of CMP-sialic acid and at sialic acid release from glycoconjugates (sialidase). The non-malignant mucosa from tumour-bearing rats showed significant changes only in N-acetylglucosamine kinase, CMP-sialic acid hydrolase and ganglioside sialidase, although trends are indicated for some other enzymes in Table   1 .
The marked changes occurring during malignant transformation indicate a general reorganization of sialic acid metabolism in agreement with widespread observations (Bhavanandan & Davidson, 1982) . Analysis of such changes in human colonic Table 1 . Aclivity oJenzyrnes inaoloed in sialic acid tmetabolism in rai colonic mucosa Age-matched male rats ( n = 4-9) with and without azoxymethane administration were used, the colonic mucosal cells isolated and tumour tissue removed for homogenization. Results are means -t S.E.M. *P < 0.05; **P < 0.0 1 ; ***P < Studies on the metabolism of sialic acids have been limited largely to liver and salivary gland (Corfield & Schauer, 1982) . Recent work has indicated that tissues other than liver, salivary gland and small intestine have much reduced levels of key enzymes leading to the formation of free sialic acid (Van Rinsum et al., 1983).
We have investigated sialic acid metabolism in mucosal cells from rat colon, which secrete highly sialylated mucus glycoproteins and would thus be expected to show a high turnover of sialic acid.
Total mucosal epithelial cells were prepared from male Sprague-Dawley rat colons using EDTA and homogenization, carried out as described by Corfield et al. (1983~) . Homogenates of rat liver and kidney in 0 . 1 5~-N a C I (1:4, w/v) and porcine submandibular gland aqueous extract (1 :3, w/v; overnight at 4°C) were prepared. Homogenates were centrifuged at IOOOOOg for 60min or at IOOOg for 15 min, and the resulting supernatant at IOOOOOg for 60min.
Intact mucosal cells were incubated in 0.1 M-sodium phosphate-buffered saline, pH 7.0, with and without 12.5 mMglucose, in a total volume of 4-6 ml. Subcellular fractions were incubated in 0.1 M-Tris/HCI/I mM-MgCI,, pH 7.4, in a total volume of I .5 ml. All incubations contained approx. 70 KBq of D-I 1 -'4Clmannosamine (2.2GBq/mmol), N-acetyl-D-[U-I4C lmannosamine (9.4 GBq/mmol) or N-acetyl [ 4,5,6,7,8,9-I4C lneuraminic acid (8.95 GBqlrnmol) (Amersham International) and were carried out for 45-60min at 37°C. After incubation, cells were washed and sonicated in ethanol and homogenates were mixed with an equal volume of ethanol. The ethanol-precipitated material was removed, radioactivity measured and the pooled supernatants were fractionated on columns (1.2cm x 18cm) of Dowex 1 (X8; 2 0 0 4 0 0 mesh; bicarbonate form) with a gradient of 0-0.3 M-NH~HCO,. The components of eluted peaks were identified by their elution position relative to authentic standards and also after enzymic and chemical analysis (Van Rinsum et al., 1983) .
Intact colonic cells were found to take up ['4Clmannosamine ( I % of added radioactivity), N-a~etyl['~CImannosamine (0.4%) and 1 I4C lsialic acid (0.4%). No ethanol-soluble intermediates could be detected other than the added precursors, but radioactivity incorporated in high-molecular-weight glycoconjugates accounted for approx. 20%, 10% and 5% of the label taken up for mannosamine, N-acetylmannosamine and sialic acid respectively. The incorporation of [ I4C lmannosamine into colon-cell 100000g-supernatant ethanol-soluble intermediates was lower (2% of added precursor) than for N-a~etyll'~C1-mannosamine (20%). For N-a~etyll'~Clrnannosamine the Vol. I I label was divided between sialic acid (0.2%), its 9-phosphate (5%) and N-acetylhexosamine monophosphate (lo%), with the remaining radioactivity as unchanged precursor. Highspeed supernatants from rat liver converted 65% of added N-acetylmannosamine into metflbolites, while porcine submandibular gland converted 20% and rat kidney showed 10% utilization. The kidney tissue contained only Nacetylhexosamine monophosphates and a trace of sialic acid. whereas liver and salivary glands contained 52%) and 3%) monophosphates, and 15% and 13% sialic acid and its 9-phosphate respectively.
All enzymic reactions were assayed using radioactive substrates for maximum sensitivity. , 1976) . With the exception of sialyltransferase and sialidase, the reaction products were separated on columns (1 ml) of Dowex 1 (X8; 200400 mesh; bicarbonate form), eluting with predetermined concentrations of NH,HCO,. Very low activity was found for CMP-sialic acid hydrolase, UDP-N-acetylglucosamine 2'-epimerase and N-acetylmannosamine kinase and none for sialic acid pyruvate lyase. The nature of the products in low activity enzyme reactions was confirmed in 10-fold larger (by volume) incubations, and corrections for N-acetylhexosamine cross-contamination were made (Van Rinsum et al., 1983).
The assay for sialic acid-9-phosphate synthase contained 0.4 mM-N-acetyll l-i4Clmannosamine-6-phosphate (1 8.4 MBq/ mmol), 2 mM-phosphoenolpyruvate, 5 mM-acetoacetate, 4 mMdithiothreitol, 25 mM-NaF, 20m~-MgC1, and lOOmM-Tris/HCI, pH 7.8, and was for 45 min at 37OC. A stimulation of 60% was observed with 5 mM-acetoacetate, in agreement with the work of Luthe et al. (1975) , whereas NaF gave partial protection of phosphorylated substrates and products against phosphatase attack.
Alternative routes of sialic acid formation from Nacetylmannosamine and UDP-N-acetylglucosamine could not be detected and no evidence for an endogenous enzyme inhibitor could be found.
All enzymes were active in the lOOOOOg supernatant fraction, except for sialidase, sialyltransferase, CMP-sialic acid hydrolase and CMP-sialic acid synthase, which were found in the IOOOg pellet, in agreement with a nuclear location found in other tissues (Corfield & Schauer, 1982) . The activities of UDP-Nacetylglucosamine 2'-epimerase, N-acetylmannosamine kinase and sialic acid-9-phosphate synthase in rat colonic tissue are
